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SINK AND METHOD OF MAKING THE APPARATUS 



BACKGROUND 

Many integrated circuits generate heat that must be dissipated by a cooling 
arrangement such as a heat sink that is thermally coupled to the integrated circuit. As 
5 integrated circuits have advanced and become more complex, the amount of heat to be 
dissipated has increased, leading to an increase in size of the heat sinks employed to cool 
integrated circuits. The increase in size of heat sinks may compromise typical techniques 
used to mount heat sinks on circuit boards that carry the integrated circuits to be cooled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 FIG. 1 is a schematic plan view of a heat sink provided according to some 

embodiments. 

FIG. 2 is schematic plan view of an attachment assembly provided according to 
some embodiments for use in mounting the heat sink of FIG. 1 to a circuit board. 

FIG. 3 is an isometric view, taken from above, of a portion of the attachment 
15 assembly of FIG. 2. 

FIG. 4 is an isometric view, taken from below, of a portion of the attachment 
assembly of FIG. 2. 

FIG. 5 is a partial, isometric, partially exploded view showing an apparatus that 
includes the heat sink of FIG. 1 and the attachment assembly of FIG. 2. 

20 FIG. 6 is an isometric, partially exploded view showing some details of the 

apparatus of FIG. 5. 
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FIG. 7 is a flow chart that illustrates a process for assembling the apparatus of 
FIG. 5 according to some embodiments. 

FIGS. 8-1 1 are partial, schematic, side cross-sectional views showing sequential 
stages of assembling the apparatus of FIG. 5. 

5 FIG. 12 is a view similar to FIGS. 8-11, showing a detail of the apparatus of FIG. 

5 in an assembled condition. 

FIG. 13 is another partial schematic side cross-sectional view of the apparatus of 

FIG. 5. 

DETAILED DESCRIPTION 

10 FIG. 1 is a schematic plan view of a heat sink 20 provided according to some 

embodiments. The heat sink 20 includes a base 22 on which a heat dissipation structure 
(indicated in phantom at 24) is supported. (For example, the heat dissipation structure 24 
may take the form of fins 25 shown in FIG. 5. Other configurations of a heat dissipation 
structure may be employed.) Continuing to refer to FIG. 1, mounting holes 26 (e.g. four 

15 mounting holes) are provided at corners of the base 22 of the heat sink 20. The heat sink 
20 may be composed of any suitable heat conducting and dissipating structure, including, 
for example, copper fins on a copper base. Additionally or alternatively, the heat sink 20 
may include other components such as active components that may include a fan and/or a 
vapor chamber. 

20 FIG. 2 is a schematic plan view of an attachment assembly 30 provided according 

to some embodiments for use in mounting the heat sink 20 to a circuit board (e.g. the 
circuit board 32 indicated in FIG. 5). Continuing to refer to FIG. 2, the attachment 
assembly 30 may include a plastic frame 34, which may be substantially rectangular, e.g. 
in the form of a hollow rectangle, which includes a central, substantially rectangular 

25 opening 36. The plastic frame 34 has corners 38 at which metal inserts (schematically 
indicated at 40 in FIG. 2) are mounted. 

FIG. 3 is an isometric view, taken from above, showing details of one of the metal 
inserts 40 mounted at one of the corners 38 of the plastic frame 34 of the attachment 
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assembly 30. FIG. 4 is an isometric view, taken from below, showing the metal insert 40 
and the corner 38 of the plastic frame 34. As seen from FIGS. 3 and 4, the metal insert 
40 (all of the inserts 40 may be identical), includes an upper portion 42, a middle portion 
44 and a pair of lower members 46. The upper portion 42 may include a pair of barrel 
5 segments 48 which face each other (i.e., have their respective concave surfaces facing 
each other) to define a substantially cylindrical space 50 (FIG. 3) having an open end 
defining a substantially circular opening 52. The cylindrical space 50 is oriented so as to 
have its central axis (not indicated) in a vertical orientation. 

The middle portion 44 of the metal insert 40 flares outwardly and downwardly, as 
10 indicated at 54, to form a bracket 56 (FIG. 4) from which the lower members 46 extend 
downwardly. The bracket 56 may generally take the form of three sides of a rectangle, as 
seen from FIG. 4. The bracket 56 may emerge a short distance downwardly from a lower 
surface 58 of the corner 38 of the plastic frame 34. 

The metal inserts 40 may be mounted in the plastic frame 34 by the middle 
15 portions 44 of the metal inserts 40. For example, the middle portions 44 of the metal 

inserts 40 may be embedded in the plastic frame 34 at the corners 38 of the plastic frame 
34, with the upper portions 42 of the metal inserts 40 extending upwardly from the plastic 
frame 34 and the lower members 46 of the metal inserts 40 extending downwardly from 
the plastic frame 34. 

20 The lower members 46 may each be pin-shaped and may have tapered tips 60. 

The plastic frame 34 may be formed of a number of different materials, including, 
for example, liquid crystal polymer (LCP) or polycarbonate, or another plastic material 
that has suitable thermal resistance to allow for the soldering of the metal inserts 40, as 
described below. The plastic frame 34 may be formed by molding around the metal 
25 inserts 40 so as to embed at least partially the middle portions 44 of the metal inserts 40 
in the plastic frame 34. 

Each metal insert 40 may be a unitary body formed of a suitable metal such as 
brass. The metal inserts 40 may be at least partially plated with tin (e.g., at the lower 
members 46) to aid in wetting the metal inserts 40 during soldering. In other 
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embodiments, the metal inserts may be formed of copper or a tin-plated metal other than 
brass. 

FIG. 5 is a partial, isometric, partially exploded view showing an apparatus 70 
formed by installing the heat sink 20 on the circuit board 32 via the attachment assembly 
5 30. FIG. 5 shows one comer of the heat sink 20 and indicates in part how the heat sink 
20 is mounted on the circuit board 32. FIG. 6 is an isometric, partially exploded view 
showing some details of the apparatus 70 at the comer of the heat sink 20 on a larger 
scale than FIG. 5. Referring to FIG. 6, the upper portion 42 of the metal insert 40 is 
received in a mounting hole 26 of the heat sink 20. A fastener 72 is provided to secure 
10 the upper portion 42 of the metal insert 40 to the mounting hole 26 of the heat sink 20. 
For example, the fastener 72, as illustrated, may be a tapered pan head screw with 
suitable threading to produce threads in the inner (concave) surfaces of the barrel 
segments 48 which make up the upper portion 42 of the metal insert 40. 

FIG. 7 is a flow chart that illustrates a process for assembling at least a part of the 
15 apparatus 70 according to some embodiments. As indicated at 100 in FIG. 7, initially an 
attachment assembly like the assembly 30 shown in FIGS. 2-4 may be provided. Then, 
as indicated at 102 in FIG. 7 and as schematically illustrated in FIG. 8, the lower 
members 46 of the metal inserts 40 of the attachment assembly 30 may be inserted 
through holes 104 formed in the circuit board 32. (The attachment assembly 30 may 
20 have standoffs, which are not shown, on the lower surface 58 of the plastic frame 34 to 
set a spacing between the circuit board 32 and the plastic frame 34, as shown in FIG. 9.) 

Next, as indicated at 106 in FIG. 7 and as schematically illustrated in FIG. 9, the 
lower members 46 of the metal inserts 40 may be soldered to the circuit board 32 (solder 
indicated at 108). The soldering may, for example, be performed in accordance with 
25 conventional principles for wave soldering. 

Then, as indicated at 1 10 in FIG. 7 and as schematically illustrated in FIG. 10, the 
heat sink 20 may be installed on the metal inserts 40 (only one of which is shown in FIG. 
1 0) in a manner such that the upper portions 42 of the metal inserts 40 are inserted into 
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the mounting holes 26 of the heat sink 20 by lowering the heat sink 20 toward the plastic 
frame 34 of the attachment assembly 30. 

In a subsequent operation to 106 (FIG. 7), as indicated at 1 12 in FIG. 7 and as 
schematically illustrated in FIG. 1 1, a respective fastener 72 may be inserted into the 
5 opening 52 (FIG. 3) and driven into the respective upper portion 42 of each of the metal 
inserts 40 (with the upper portions 42 received within the mounting holes 26 of the heat 
sink 20) to secure the heat sink 20 to the metal inserts 40. This may be done while 
holding the heat sink down on an integrated circuit (IC) die 1 13 (FIG. 13, not shown in 
FIGS. 8-12). As the fastener 72 is driven into the upper portion 42 of the metal insert 40, 

10 the tapered, threaded portion 1 14 of the fastener 72 swage- forms or expands the upper 
portion 42 of the metal insert 40 by pushing the barrel segments 48 of the upper portion 
42 against the sides of the mounting hole 26 of the heat sink 20. The driving of the 
fastener 72 may, for example, be performed with a motorized screw driver (not shown) 
which may be arranged to limit the maximum torque applied by the screw driver to a 

1 5 predetermined torque, such as 20 inch-pounds. 

A result of the operation 1 12 illustrated in FIG. 1 1 is shown in FIG. 12, wherein 
the barrel segments 48 of the upper portion 42 of the metal insert 40 are sandwiched 
between the fastener 72 and the sides of the mounting hole 26 of the heat sink 20. In this 
way, the heat sink 20 is secured to the metal inserts 40 of the attachment assembly 30, 
20 and is secured via the metal inserts 40 to the circuit board 32. 

With this heat sink attachment arrangement, the circuit board 32 is effectively 
stiffened in the region at and around the heat sink 20, which may aid in protecting 
neighboring devices on the circuit board 32 from damage to their connections to the 
circuit board 32 in the event of dynamic forces applied to the circuit board during 
25 transportation or handling thereof or as a result of thermal cycling. Moreover, the metal 
inserts may provide a degree of compliance to dynamic forces which also may aid in 
preventing damage to device connections to the circuit board. 
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Furthermore, since the attachment assembly 30 may be rather lightweight, 
formation of reliable and high quality solder joints 108 (FIG. 9) during the soldering 
operation 106 (FIG. 7) may be promoted. 

FIG. 13 is partial schematic side cross-sectional view showing other aspects of the 
5 apparatus 70. 

As seen from FIG. 13, an IC package 120 is mounted on the circuit board 32. The 
IC package 120 may include a package substrate 122 connected to the circuit board 32 by 
a ball grid array (BGA) connector 124 and the IC die 1 13 connected to the package 
substrate 122 by another BGA connector 126. The IC die may be thermally coupled to 
10 the heat sink 20 via a thermal interface material 128, so that the heat sink 20 may 
function to cool the IC die 1 1 3 during operation of the apparatus 70. Portions of the 
attachment assembly 30 (and particularly portions of the plastic frame 34) are also shown 
in cross-section. In some embodiments the IC die 1 13 may comprise a processor, for 
example. The circuit board 32 may be the motherboard of a computer. 

15 In some embodiments, the attachment assembly 30 may not be employed, and 

instead individual ones of metal inserts, not incorporated in an attachment assembly, may 
be inserted into holes 104 of the circuit board 32 and soldered to the circuit board 32. In 
other embodiments, two attachment assemblies, each having a pair of metal inserts, may 
be employed instead of the attachment assembly 30 which includes four metal inserts. 

20 However, using the attachment assembly having four metal inserts as illustrated herein 
may aid in streamlining assembly of the apparatus 70. 

The total number of metal inserts employed (and the total number of mounting 
holes provided in the heat sink) may be more or less than the four metal inserts (and four 
mounting holes) shown. 

25 Furthermore, in some embodiments, each metal insert may have only one pin- 

shaped lower member, or may have three or more pin-shaped lower members, rather than 
the two lower members shown in the drawings. Generally, the shape of the lower 
members of the metal inserts may be varied from the pin shape that is shown in the 
drawings. 
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The fastener 72 need not be a pan head screw. For example, screws having other 
types of heads may be employed as the fasteners 72. 

Although not shown in the drawings, the apparatus 70 may also include other 
components of a typical electronic device, including for example a chassis in which the 
circuit board 32 may be mounted, a housing, a power supply, signal interfaces, and so 
forth. 

The several embodiments described herein are solely for the purpose of 
illustration. The various features described herein need not all be used together, and any 
one or more of those features may be incorporated in a single embodiment. Therefore, 
persons skilled in the art will recognize from this description that other embodiments may 
be practiced with various modifications and alterations. 



8 



